Municipal Phosphorus Loadings to Lake Erie: An Evaluation Study Prepared for the Great Lakes Water Quality Board by International Joint Commission. Great Lakes Regional Office
University of Windsor
Scholarship at UWindsor
International Joint Commission (IJC) Digital Archive
1975-12-01
Municipal Phosphorus Loadings to Lake Erie: An
Evaluation Study Prepared for the Great Lakes
Water Quality Board
International Joint Commission. Great Lakes Regional Office
Follow this and additional works at: http://scholar.uwindsor.ca/ijcarchive
This Publication is brought to you for free and open access by Scholarship at UWindsor. It has been accepted for inclusion in International Joint
Commission (IJC) Digital Archive by an authorized administrator of Scholarship at UWindsor. For more information, please contact
scholarship@uwindsor.ca.
Recommended Citation
International Joint Commission. Great Lakes Regional Office (1975). Municipal Phosphorus Loadings to Lake Erie: An Evaluation
Study Prepared for the Great Lakes Water Quality Board. International Joint Commission (IJC) Digital Archive.
http://scholar.uwindsor.ca/ijcarchive/80
University of Windsor
Scholarship at UWindsor
International Joint Commission (IJC) Digital Archive
1975-12-01
Municipal Phosphorus Loadings to Lake Erie: An
Evaluation Study Prepared for the Great Lakes
Water Quality Board
International Joint Commission. Great Lakes Regional Office
Follow this and additional works at: http://scholar.uwindsor.ca/ijcarchive
This Publication is brought to you for free and open access by Scholarship at UWindsor. It has been accepted for inclusion in International Joint
Commission (IJC) Digital Archive by an authorized administrator of Scholarship at UWindsor. For more information, please contact
scholarship@uwindsor.ca.
ryan‘ﬂ/y
 
I
N
T
E
R
N
A
T
I
O
N
A
L
JOINT
C
O
M
M
I
S
S
I
O
N
   
MUNICIPAL
PHOSPHORUS
LOADINGS
TO LAKE ERIE
 

 M
U
N
I
C
I
P
A
L
P
H
O
S
P
H
O
R
U
S
L
O
A
D
I
N
G
S
TO LAKE ERIE
AN
EVALUATION STUDY
PREPARED FOR THE
GREAT
LAKES
WATER
QUALITY
BOARD
 
GREAT LAKES REGIONAL OFFICE
INTERNATIONAL
JOINT
COMMISSION
DECEMBER, 1975
 
 REVIEW NOTICE
Mention of trade names or commercial products in this
report does not constitute endorsement or recommendation for
use.
ii
 TABLE OF CONTENTS
PREFACE
INTRODUCTION
Study Objectives
DESCRIPTION OF WASTEWATER TREATMENT FACILITIES
DATA
Detroit, Michigan
Cleveland Easterly, Ohio
Cleveland Southerly, Ohio
Toledo, Ohio
Akron, Ohio
Wayne County (Wyandotte), Michigan
Erie, Pennsylvania
Cleveland Westerly, Ohio
Fort Wayne, Indiana
West Windsor, Ontario
London Greenway, Ontario
Kitchener, Ontario
COLLECTION AND ANALYSIS
Loading Data
Bypass Data
Analytical Methods
iii
  
Page No.
10
10
ll
ll
13
13
15 I
15
 
 TABLE OF CONTENT' (Cont'd.)
32%;
PLANT PERFORMANCE — A COMPARATIVE STUDY 17
Comparison of Actual and Targeted Loadings 19
CONCLUSIONS AND RECOMMENDATIONS 21
APPENDIX — EFFLUENT PHOSPHORUS, BODs AND SUSPENDED SOLIDS
CONCENTRATIONS 23
iv
 PREFACE
 
This report has been prepared by the IJC Regional Office for the Great
Lakes Water Quality Board. It deals with phosphorus loadings from municipal
sources and is the first of a series of reports evaluating the total phosphorus
loadings to Lake Erie.
A draft of this report was presented by the Regional Office to the
Water Quality Board at its Nineteenth Meeting held in Detroit, Michigan on
September 18, 1975. It has since been reviewed by the Board. The munici-
palities involved in the study were also asked to comment on the report
through the appropriate Board members.
  
 
 INTRODUCTION
At its Sixteenth Meeting held in Toronto on March 5 and 6, 1975, the
Great Lakes Water Quality Board authorized the IJC Regional Office to carry
out an evaluation study on municipal phosphorus loadings in the Lake Erie
Basin. Twelve major municipal wastewater treatment plants in Michigan, Ohio,
Indiana, Pennsylvania and Ontario were selected for this study. The combined
flow from these twelve treatment plants accounts for over 80 percent of the
total municipal sewage flow into Lake Erie as reported in the 1974 Water
Quality Board Annual Report.
Regional Office staff visited all the twelve treatment plants. In
some cases, officials from the respective jurisdictions accompanied the IJC
staff. In all cases, plant visits were arranged either through the juris-
dictions or by the Regional Office with full knowledge and consent of the
agencies. Plant records were obtained from either the plant superintendents
or the agencies.
STUDY OBJECTIVES
The following are the objectives of the study:
(1) Review and assess available operational and plant performance records.
(2) Determine, on the basis of available treatment plant records, the
phosphorus loading into Lake Erie.
(3) Assess the adequacy of analytical techniques used in measuring pollutants
in general and phosphorus in particular.
(4) Determine if independent sampling is required.
(5) Assess pollution loadings from treatment plant bypasses and/orstorm—
water overflows.
(6) Present a common base from which plant performance of each of the
major plants can be compared.
(7) Outline operational problems associated with the phosphorus removal
program.
 

 DESCRIPTION OF WASTEWATER TREATMENT FACILITIES
The twelve treatment plants are characterized in Table 1 in terms of
flow, treatment process, phosphorus removal and sludge handling facilities
at the time of the study. Figure 1 shows the location of each of the plants.
The following paragraphs describe the treatment plants beginning with
the largest one. All flow units are presented in megalitres per day (MR/d)
followed by million gallons per day (MGD) in parentheses.
DETROIT
The Detroit plant is the largest wastewater treatment plant in the Great
Lakes Basin. It is operated by the Detroit Metropolitan Water Department.
Originally constructed in 1940, the plant has since been expanded to provide
treatment for the present flow of about 3230 M2/d (850 MGD). Construction is
still in progress.
The treatment provided consists of primary sedimentation for 2280 M£ld
(600 MGD) and pure oxygen activated sludge (Unox) process for 950 Ml/d (250
MGD). The system also has aeration tanks for treating 570 Ml/d (150 MGD)
with diffused air activated sludge. However, due to limited clarifier and
incineration capacity, the secondary treatment system is presently limited to
either air or oxygen operation but not both concurrently. Construction of
these facilities is expected to be completed by October 1975. Provision for
phosphorus removal with iron salts (waste pickle liquor) commenced in the
spring of 1970. Polymer feed equipment was placed in operation in January
1972
whic
h re
sult
ed i
n fu
rthe
r ph
osph
orus
remo
val
duri
ng t
he f
irst
six
mont
hs
of 1
972.
In t
he l
atte
r pa
rt o
f 19
72 a
nd d
urin
g 19
73,
ther
e we
re a
seri
es o
f
mechanical problems with the waste pickle liquor and polymer application
syst
ems
and
this
resu
lted
in v
ery
erra
tic
phos
phor
us r
emov
al d
urin
g th
e
peri
od.
Effl
uent
from
the
plan
t di
scha
rges
into
the
Detr
oit
Rive
r.
Slu
dge
fro
m t
he
pla
nt
is
dew
ate
red
on
vac
uum
fil
ter
s a
nd
inc
ine
rat
ed.
Ash
is d
ispo
sed
of o
n la
nd.
A pe
rsis
tent
prob
lem
in t
he D
etro
it p
lant
has
been
the
inad
equa
cy o
f th
e sl
udge
hand
ling
syst
em.
The
newl
y ex
pand
ed
faci
liti
es a
re c
urre
ntly
expe
rien
cing
star
t—up
prob
lems
.
Soli
ds i
n ex
cess
of
the
slud
ge h
andl
ing
capa
city
are
reta
ined
in t
he t
reat
ment
syst
em w
ith
a
resultant deterioration in effluent quality.
   
 TABLE
1
19
74
AVERAGE FLOW
PHOSPHORUS
PLANT
Ml/d
TREATMENT PROCESS
REMOVAL FACILITY
SLUDGE DISPOSAL FACILITY
DETROIT
3230
Secondary for 950 MQ/d
Pickle liquor since early 1970; Vacuum filtration, incineration, Ash
( 850 MGD)
(250 MGD); Primary for
Polymer since January 1972.
disposed of as solid waste.
remaining.
CLEVELAND EASTERLY
437
Secondary
Pickle liquor since June 1975.
None; sludge pumped to Cleveland Southerly.
( 115
MGD)
CLEVELAND SOUTHERLY
360
Secondary
Pickle liquor intermittently.
Anaerobic digestion; vacuum filtration and
( 95 MGD)
and incineration; ash lagoon.
TOLEDO
380
Secondary
FeC13 since December 1972.
Anaerobic digestion; vacuum filtration, land
( 100 MED)
disposal for agricultural purpose at present.
AKRON
340
Secondary
Low influent phosphorus.
Primary sludge is filtered and incinerated;
( 9O MGD)
activated sludge is treated with wet air
oxidation.
WYANDOTTE
277
Primary
FeC13 since May 1973.
Vacuum filtration, incineration; ash lagoon.
( 73 MGD)
Secondary (Unox) in 1976
ERIE
159
Secondary
FeCla and polymer since April
Sludge thickening; vacuum filtration and
( 42 MGD)
1975
incineration.
CLEVELAND WESTERLY
148
Primary (Imhoff tanks)
Iron salts (FeClg, pickle liquor) Anaerobic digestion; vacuum filtration;
( 39 MGD)
since November 1972.
incineration. Disposal system inadequate.
FORT WAYNE
123
Secondary with polishing Alum since July 1973.
Primary sludge is anaerobically digested
( 32 MGD)
pond
and lagooned.
WINDSOR
99
Primary
FeCl; intermittently since Feb. Vacuum filtration or centrifuged; land
( 22 MIGD)
1974; Alum since Feb. 1975.
disposal.
LONDON
82
Secondary
Not necessary; P level less than Air flotation; vacuum filtration and
( l8 MIGD)
l mg/£ without direct chemical incineration; ash lagoon.
addition.
KITCHENER
65
Secondary
Alum since January 1974.
Anaerobic digestion, vacuum filtration;
( l4 MIGD)
lagoon.
Ml/d - megalitres per day; MIGD — million imperial gallons per day; MDG — million gallons per day.
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The plant reports no bypass in dry or wet weather. However, the Detroit
wastewater collection system has 76 possible overflow points. A recent
report1 on an EPA demonstration project on the monitoring and remote control
of the sewerage system has been published. The report includes detailed
discussion and evaluation of the monitoring and remote control equipment,
installation details, the concept of in-system storage, and the operation of
the system based on an 18—month study period. In—system storage of storm-
water has been identified as a feasible and economical alternative to sewer
separation.
Expansion is still underway at the plant to increase the capacity to
4560 MR/d (1200 MGD).
CLEVELAND EASTERLY
Cleveland Easterly is the largest of the three treatment plants in the
City of Cleveland operated by the Cleveland Regional Sewer District (CRSD).
Its 1974 average flow was 437 Mﬁ/d (115 MGD). The plant was originally
constructed in the 1930's.
The treatment provided is conventional activated sludge. Full scale
chemical addition for phosphorus removal did not commence until June of 1975.
Effluent phosphorus concentration for 1974 averaged 2 mg/l. The effluent
discharges into Lake Erie. The plant is experiencing problems with submerged
overflow weirs caused by the high lake level.
There are no sludge handling facilities at this plant. The sludge is
pumped to the Cleveland Southerly Plant.
The plant has facilities for bypassing raw sewage. However, only the
duration of bypass is recorded. For 1974, a monthly average of 290 hours of
bypass was reported. There are no flow measurements on the bypass.
Construction of new headworks is near completion.
CLEVELAND SOUTHERLY
The Southerly Plant has a design capacity of 437 Mﬁ/d (115 MGD). Its
1974 average flow was 360 Ml/d (95 MGD). It was originally placed in
operation in 1927.
The plant provides secondary treatment to the incoming raw sewage and
sludge from Easterly. The final effluent phosphorus concentration averaged
about 1 mg P/ﬂ in 1974 without the addition of chemical coagulants.
Pickle
liquor is presently being added to provide further removal.
The sludge is anaerobically digested, vacuum filtered and incinerated.
Ash is disposed of in an ash lagoon.
1Sewerage System Monitoring and Remote Control, U.S.
EPA—670/2—75—020.
  
Two
major
interceptors
carrying
raw
sewage
and
stormwater
to
the
plant
have
overflow
points
upstream
to
the headworks.
Only
hours
of
bypass
are
recorded.
In 1974, a monthly average of 79 hours of raw sewage bypass was
reported.
The plant is presently under construction
to expand its capacity
to 760
Ml/d (200 MGD).
The treatment process will be upgraded to provide
two—stage
biological treatment with effluent filtration and chlorination.
Completion
is scheduled for 1981.
TOLEDO
The original Toledo plant consisted of a 266 Mi/d (70 MGD) primary
facility built in 1932 and a 182 Ml/d
(48 MGD) secondary process installed in
1957.
An expansion was made in 1973 to provide secondary treatment for a
total flow of 380 Ml/d
(100 MGD).
The volume of industrial waste is esti—
mated to be about 114 Mi/d (30 MGD).
The plant discharges directly to the
Maumee River.
 
Chemicals have been added since late 1972 for phosphorus removal.
The
1974 average effluent phosphorus concentration was 2.2 mg P/Q.
Sludge is anaerobically digested, vacuum filtered and trucked for land
disposal.
The plant has been experiencing solids problems with its limited
sludge handling facilities.
The interim solution has been to retain the
solids in its aeration tanks for as long as practical.
The deteriorated
effluent quality is in part caused by the carryover of excess solids.
The treatment plant bypasses raw sewage under wet weather conditions.
The bypass frequency has been estimated by Ohio officials to be less than
once a month with duration less than 8 hours.
There are also overflows
occurring upstream of the treatment plant.
The problems experienced by the plant on combined sewer overflows and
sludge handling are currently being addressed in the Ohio's facilities
planning effort.
Toledo has received Step One grants for installation of a
regulator telemetering system.
AKRON
 
The Akron treatment plant is operated by the City. It serves an area of
75 square miles, including some surrounding communities. The serviced
population is about 375,000. It has a design capacity of 340 Mﬂ/d (90 MGD)
with a maximum hydraulic capacity of 787 Mﬂ/d (207 MGD).
The plant was
originally built in 1928 and has been almost completely rebuilt since.
The plant has the activated sludge process with pre-aeration and
effluent chlorination.
Effluent is discharged to the Cuyahoga River.
A
phosphate ban in detergents was put into effect in Akron in early 1973.
  
Primary sludge is chemically conditioned, vacuum filtered and incine—
rated. The filtrate is returned to the primary clarifier. The ash from the
incinerator is hauled to an ash dump. The waste activated sludge, on the
other hand, is gravity thickened and subsequently oxidized in two Zimpro (wet
air oxidation process) units. This oxidation process pumps sludge and air
under high pressure into a reactor with a temperature of 450°F where the
sludge is chemically oxidized into ash, water and gas. The heated gas is
recycled for heating and fuel. The ash and water mixture goes to a decanting
pond from which the supernatant is returned to the plant for retreatment.
There is a channel ahead of the plant to bypass raw sewage in the event
of excess flow or plant shutdown. Occasionally, a portion of the primary
effluent is discharged directly to the River to relieve the load on the
secondary process. There are 24 Imhoff Tanks remaining from the original
plant which are used for storage of excess stormwater flows and industrial
spills.
WAYNE COUNTY (WYANDOTTE)
 
The Wyandotte treatment plant is owned and operated by the Wayne County
Board of Public Works. It was originally constructed in 1939 and expanded in
1964. The present design capacity is 240 MR/d (63 MGD) with a wet weather
flow of 290 Mk/d (77 MGD). There is a pumping station adjacent to the plant
with capacity to divert excess flow to the Detroit River. The treatment
plant receives various industrial wastes as well as alum sludge from nearby
water treatment plants.
The treatment process consists of primary sedimentation with ferric
chloride added for phosphorus removal. Chlorine is added before and after
settling. The plant is essentially covered, making maintenance difficult.
The sludge from the plant is thickened, vacuum filtered and incinerated.
Ash is disposed of in a lagoon. The constant failure of the plant's two
incinerators presents a rather severe problem affecting the final effluent
quality. When one of the incinerators is out of service, a significant
portion of the sludge is recycled back to the influent and retained in the
system. The impact is evident in the high effluent BOD5, suspended solids
and phosphorus concentrations. The plant personnel have attributed the
incinerator breakdown to the formation of "clinkers" in the furnace as a
result of ferric chloride addition for phosphorus removal.
The Wyandotte Pumping Station #5, adjacent to the treatment plant, pumps
combined sewage to the river whenever the maximum hydraulic capacity of the
plant is exceeded. The quantity of this bypass is estimated from the pumping
time and power setting. Over the past five years, the annual volume of
bypass sewage ranged from 2810 M2 (740 MC) in 1970 to 12540 Mk (3300 MG) in
1973.
Construction of a new 380 Mﬁ/d (100 MED) pure oxygen activated sludge
plant is currently underway and will be completed in late 1975. Operation is
expected to commence in early 1976.
 ERIE
The
City
of
Erie
has a wastewater
treatment
plant
which
has
recently
been expanded from a capacity of 170 Ml/d (45 MGD) to a design capacity of
247 MQ/d
(65 MGD).
All the unit processes commenced operation in January
1975.
The plant receives about 30 Mk/d
(8 MGD) of strong industrial waste
from the Hammermill Paper Company.
The pulp waste has caused periodic plant
upsets due to its high solids and organic loadings.
The
treatment provided
is activated
sludge with
ferric
chloride
and
polymer addition for phosphorus removal which began in April 1975.
The
effluent
is
chlorinated and
discharged
to
Lake
Erie.
The
raw
primary
sludge
is
mixed with waste
activated sludge,
thickened,
vacuum
filtered and
incinerated.
The
ash
is
disposed of
on
land.
The City has
59 combined
sewer
overflow
points
with
13
of
these
dis-
charging directly
to
Presque
Isle
Bay
in Lake
Erie.
The
remaining
points
go
into tributary streams before reaching Presque Isle Bay.
A consultant's
study
in 1972
estimated
the phosphorus
loading
from
combined
sewer
overflows
to be
in the
neighborhood
of 10 kg/day.
The City
is presently
considering
the study's
recommendation
that
the overflow
be stored
in
reservoirs
and
pumped
to
the
treatment
plant
later
at
a
low
rate.
CLEVELAND WESTERLY
The Westerly
Plant's
1974
average
flow was
148
Ml/d
(39 MGD).
It
is
the
oldest of
the
three
Cleveland
treatment
plants.
The plant
is
located
in a
highly
industrialized
downtown
area
and
receives
very
strong
industrial
wastes.
The plant
provides
primary
treatment
with
its
Imhoff
Tanks.
Iron
salts
were
added
for
phosphorus
removal
from
November
1972
to
July
1974.
Only
polymer
has
been
added
since
August
1974.
Despite
the
chemical
addition,
effluent
phosphorus
concentrations have
remained
in the
range of
2 to
3 mg/l.
The 1974 average concentrations for BOD5 and suspended solids were in excess
of 100 mg/2.
The
sludge
is digested,
vacuum
filtered
and incinerated.
There are
two
incinerators
in the
plant
but
often only
one
is
in
operation.
At
the
time
of
the visit,
there were mountains
of
filtered
sludge
and ash
in
the vicinity
of
the
sludge
building which
is
adjacent
to
the
shore.
There are facilities for bypassing sewage with only the time of bypass
recorded.
In
1974,
the average
duration
of
bypass
averaged
36 hours
a
month.
Construction
is
underway
for
a
new
190
Ml/d
(50
MGD)
physical-chemical
treatment
plant
which
will
provide
chemical
coagulation
and
carbon
adsorp—
tion.
Completion
date
is
scheduled
for
late
1979.
  
 
 
 FORT WAYNE
The City of Fort Wayne owns and operates the treatment plant. The
existing plant was constructed in 1940 to provide secondary treatment for a
design flow of 91 M£/d (24 MGD). It has since been expanded to provide
secondary treatment to 123 MR/d (32 MGD) and primary.to 228 MR/d (6O MGD).
Chlorination capacity is 228 MR/d (60 MGD).
The chlorinated effluent from the secondary treatment system is dis—
charged to a 40—acre polishing pond. The pond effluent goes into the Maumee
River. Phosphorus removal was initiated in July 1973 with the addition of
liquid alum. Throughout 1974, either ferric chloride or alum was added to
the primary effluent.
Raw sludge from the primary settling tanks is anaerobically digested and
pumped to a sludge lagoon. The methane gas is recycled for heating and fuel.
The waste activated sludge is returned to the wet well and mixed with the
incoming raw sewage.
The sewage system serviced by the plant has a total of 50 combined sewer
overflow locations.
Under its National Pollutant Discharge Elimination
System (NPDES) municipal permit, the City is required to submit plans for
obtaining additional information on the quantity, quality and impact of these
discharges by July 1, 1975. Preliminary designs of necessary treatment
facilities are required by July 1, 1976. The treatment plant presently has
an EPA funded pilot plant demonstration project on the treatment of combined
sewer overflow.
The process involves screening, use of hydrasieves, centri—
fugal screens and a rotating microscreen.
The effluent is discharged to the
40—acre polishing pond.
The plant is currently being expanded to provide full secondary treat—
ment to all 228 ME/d (60 MGD).
WEST WINDSOR
The West Windsor Plant is owned and operated by the City's Department of
Public Works.
It is the larger of the two treatment plants in the city.
The
plant is designed to operate efficiently at 100 MR/d
(22 MIGD).
Original
construction started in 1967 and the plant was placed in operation in April
1970.
The average monthly flow reached design capacity early in 1972.
Industrial wastes constitute about one—third of its hydraulic flow.
The plant provides primary treatment and chlorination to its dryweather
flow.
It has four primary settling tanks.
Phosphorus removal facilities
were installed in February 1974 with intermittent
(40% of the time) addition
of ferric chloride during that year.
From August 1974 to February 1975,
the
plant was
the site of a Canada/Ontario Research Study on the settleability of
chemical
flocs
at high
overflow
rates.
Normal
plant operation was
disrupted.
Since
February
1975,
the
plant
has
been
continuously
applying
alumfor
phosphorus removal.
10
  
The sludge from the primary settling tanks is either vacuum filtered or
centrifuged prior to land disposal. There are no sludge incineration facilities.
The City of Windsor has about 25 combined sewer overflow points along
the riverfront interceptor which leads to the West Windsor plant. The over—
flow weirs at these points have been adjusted by the City to divert a maximum
flow of 2.5 times dryweather flow to the plant during rainstorms. The
excess is discharged directly to the Detroit River. Presently, the plant
will treat flows up to 205 Mﬁ/d (45 MIGD). Flows in excess of this still
receive chemical addition but will bypass the primary settling tanks and go
directly to the outfall where chlorine is applied. The river outfall has
sufficient length to be used as a chlorine contact chamber.
Consideration is being given to expanding the plant capacity by an
additional 68 to 91 Mﬁld (15 to 20 MIGD). Primary treatment with chemical
addition will be provided.
LONDON gGREENWAY)
The City of London has five plants treating a total flow in excess of
130 MR/d (29 MIGD). The Greenway plant is the largest with an average flow
of about 82 MR/d (18 MIGD). A significant industrial waste load to the plant
is provided by a brewery.
The treatment provided is activated sludge with the chlorinated effluent
being discharged to the Thames River. The plant has been achieving effluent
phosphorus concentrations of less than 1 mg P/£ without direct chemical
addition since October 1973.
The sludge produced is thickened by air flotation, vacuum filtered and
incinerated. Ferric chloride and lime are used for sludge conditioning. The
filtrate from the vacuum filters is returned to the plant. Ash is disposed
of in two lagoons.
In the event of high flow, a portion of the waste receives only primary
treatment and is diverted to the chlorination chamber.
Plans are under consideration for expanding the plant to 164 Mk/d (36
MIGD) sometime before 1977.
KITCHENER
The Kitchener Water Pollution Control Plant is operated by the Ministry
of the Environment for the Regional Municipality of Waterloo. The original
plant dates back to the 1920's and was expanded in 1963. The primary design
capacity is 52 MR/d (11.5 MIGD) with a secondary capacity of 61 Mkld (13.5
MIGD).
The treatment process is conventional activated sludge with the chlori-
nated effluent being discharged to the Grand River. Aluminum sulphate has
11
 
  
been added for phosphorus removal since January 1974. At the present time
full scale testing with iron salts is in progress.
A combination of anaerobic digestion, vacuum filtration, sludge lagooning
and land application is used in the disposal of sludge from this plant.
Excess flow to the plant bypasses primary treatment and goes directly to
the aeration tanks. There are no quantitative data on the volume of bypass.
Estimates are made on the number of hours bypassed.
Construction of facilities expanding the plant capacity to 100 Ml/d (22
MIGD) started in April 1975.
12
 DATA COLLECTION AND ANALYSIS
Treatment plant records from January 1970 to December 1974 were reviewed
and monthly summary data on the following parameters obtained by the Regional
Office staff:
- plant flow (average, maximum, minimum)
- influent and effluent concentrations on phosphorus, BOD5 and
suspended solids
— bypass
- precipitation
Information on the phosphorus removal program at each plant was gathered.
Major construction and research activities which might have affected normal
plant operation were also noted.
LOADING DATA
The main purpose of analyzing the loading data is to compare the loading
figures as reported by the jurisdictions in 1974 with those calculated by the
Regional Office on a uniform basis.
The formula used by the Regional Office in this study for calculating
the annual load rate is as follows.
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The calculated loadings are compared with the reported figures in
Table 2. With few exceptions, the two sets of figures are generally in
agreement. In most cases, the figures are within ten percent of one another.
It is evident that most of the loading figures as reported by the jurisdic—
tions were calculated on the basis of plant records. Ontario calculated its
reported loadings to IJC on the basis of monthly samples submitted to the
Ministry of the Environment.
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TABLE 2
PLANT
 
DETROIT
CLEVELAND
EASTERLY
CLEVELAND
SOUTHERLY
TOLEDO
AKRON
WYANDOTTE
ERIE
CLEVELAND
WESTERLY
FORT WAYNE
WINDSOR **
LONDON
KITCHENER
TOTAL
  
COMPARISON OF 1974 REPORTED AND CALCULATED LOADING DATA
  
Total Phosphorus BOD5 Suspended Solids
Egported Calculated Reported Calculated Reported Calculated
13,000 12,700 249,000 231,000 519,000 598,000
(1,490) (84,200) (318,000)
818 897 7,250 7,320 9,320 9,260
( 200) ( 1,710) ( 3,260)
350 389 6,290 6,360 4,550 5,240
( 98) ( 818) ( 3,720)
842 743 10,700 9,740 23,600 19,800
( 300) ( 2,850) (10,800)
572 594 8,420 7,670 7,410 9,510
( 160) ( 1,050) ( 2,890)
1,650 1,770 22,600 22,700 28,700 28,800
( 260) ( 3,590) ( 7,140)
377 * 368 * 2,220 2,640 6,670 6,830
( 68) ( 2,520) ( 3,820)
444 403 15,900 15,000 16,400 15,700
( 53) ( 1,330) ( 3,810)
113 110 1,140 1,020 1,920 1,880
( 54) ( 490) ( 743)
100 117 3,720 3,730 3,820 3,690
( 46) ( 897) ( 506)
42 40 910 884 1,190 1,100
( 19) ( 509) ( 456)
70 74 1,400 1,660 2,480 1,790
( 18) ( 422) ( 811)
18,378 18,205 329,550 309,724 625,060 701,600
All loading data in kilograms per day.
Standard deviation shown in parenthesis.
* — Filtered sample.
** — Based on data from August to November only.
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ed,
for
Win
dso
r a
re
pro
bab
ly
not
rep
res
ent
ati
ve
of
the
act
ual
pla
nt
ope
rat
ion
.
In
the
fir
st
fiv
e m
ont
hs
of
1974
, o
nly
one
pho
sph
oru
s s
amp
le
was
ana
lyz
ed
eac
h m
ont
h b
eca
use
of
the
lac
k o
f p
lan
t l
abo
rat
ory
fac
ili
tie
s.
It
was
not
unt
il
the
lat
ter
par
t o
f t
he
yea
r t
hat
dai
ly
sam
ple
s w
ere
tak
en.
For
thi
s
rea
son
, t
he
cal
cul
ate
d l
oad
ing
in
thi
s s
tud
y w
as
bas
ed
on
mon
thl
y a
ver
age
s
fro
m A
ugu
st
to
Nov
emb
er
only
.
Fur
the
rmo
re,
the
re
was
a f
ull
sca
le
res
ear
ch
pro
jec
t o
n s
ite
fro
m A
ugu
st
197
4 t
o F
ebr
uar
y 1
975
whi
ch
sig
nif
ica
ntl
y i
nte
r-
fered with the normal plant operation.
Wit
h t
he
exc
ept
ion
of
Kit
che
ner
,
all
the
tre
atm
ent
pla
nts
vis
ite
d h
ave
mon
thl
y d
ata
sum
mar
ies
.
Kit
che
ner
's
rec
ord
s a
re
kep
t o
n a
wee
kly
bas
is.
For
the
pur
pos
e o
f t
his
stu
dy,
the
wee
kly
sum
mar
ies
wer
e c
onv
ert
ed
to
mon
thl
y
summaries.
BYPASS DATA
One
of
the
obj
ect
ive
s o
f t
his
stu
dy
was
to
ass
ess
the
pol
lut
ion
loa
din
gs
from plant bypasses and combined sewer overflows.
Dur
ing
the
pla
nt
vis
its
, o
ne
of
the
mos
t s
tri
kin
g o
bse
rva
tio
ns
mad
e w
as
tha
t t
her
e a
re
no
qua
nti
tat
ive
dat
a o
n b
ypa
sse
s a
nd
ove
rfl
ows
.
The
stu
dy
als
o r
eve
ale
d t
hat
all
the
jur
isd
ict
ion
s v
isi
ted
are
cog
niz
ant
of
thi
s
def
ici
enc
y a
nd
mos
t h
ave
cor
rec
tiv
e m
eas
ure
s e
ith
er
alr
ead
y u
nde
rwa
y o
r u
nde
r
con
sid
era
tio
n.
Tab
le
3 o
utl
ine
s i
nfo
rma
tio
n o
n e
xis
tin
g d
ata
and
fut
ure
rem
edi
al
pro
gra
ms.
It
is
imp
era
tiv
e t
hat
con
tin
uou
s e
ffo
rts
be
mad
e i
n t
his
area.
ANALYTICAL METHODS
In
eac
h s
tat
e,
the
ana
lyt
ica
l t
ech
niq
ues
use
d i
n m
eas
uri
ng
pol
lut
ant
s i
n
a t
rea
tme
nt
pla
nt
are
sub
jec
t t
o i
nde
pen
den
t v
eri
fic
ati
on
by
the
age
ncy
whi
ch
iss
ues
the
NPD
ES
per
mit
s.
Com
pli
anc
e m
oni
tor
ing
whi
ch
inv
olv
es
the
ana
lys
is
of
spl
it
sam
ple
s i
s r
equ
ire
d u
nde
r t
he
per
mit
sys
tem
.
Any
dev
iat
ion
s f
rom
acceptable laboratory procedures are corrected.
In
Ont
ari
o,
sim
ila
r i
nde
pen
den
t m
oni
tor
ing
of
eff
lue
nt
sam
ple
s i
s
carr
ied
out
byMi
nist
ry o
f th
e En
viro
nmen
t st
aff
duri
ng p
lant
insp
ecti
ons.
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TABLE 3
PLANT
DETROIT
CLEVELAND
EAST
ERLY
CLEV
ELAN
D
SOUTHERLY
TOLEDO
AKR
ON
WYAND
OTTE
ERIE
CL
EV
EL
AN
D
WESTERLY
FORT
WAYNE
WINDSOR
LONDON
KI
TC
HE
NE
R
INF
ORM
ATI
ON
ON
COM
BIN
ED
SEW
ER
OVE
RFL
OW
AND
PLA
NT
BYP
ASS
ES
EXISTING
DATA ON
QUAN
TITY
PROG
RAMS
UNDE
RWAY
OR U
NDER
CONS
IDER
ATIO
N
None
Demo
nstr
atio
n st
udy
on c
ontr
ol o
f se
wer
over
flow
comp
lete
d.
Full
scal
e ef
fort
unde
r co
nsid
erat
ion.
Cons
ulta
nt's
prel
imin
ary
desi
gn o
n co
ntro
l of
comb
ined
sewe
r
over
flow
in t
he C
leve
land
area
was
comp
lete
d in
1974
.
Hours
of Di
schar
ge
Hours of
Discharge
Frequ
ency
Step
one
grant
for i
nstal
latio
n of
regul
ator
telem
eteri
ng
Estim
ated
syste
m has
been
obtai
ned.
Millio
n Gall
ons
No inf
ormati
on giv
en.
Gallo
ns es
timat
ed
Storm
water
reten
tion
basin
under
const
ructi
on.
fro
m
pum
p
set
tin
g
and
du
ra
ti
on
.
None
Consu
ltant
's st
udy u
nder
consi
derat
ion.
Hours
of Dis
charge
See Cl
evelan
d East
erly.
Inform
ation
on qua
lity a
nd qua
ntity
of ove
rflow
requir
ed by
NPDES;
Demons
tratio
n proj
ect un
derway
.
Bypass wi
thin Plan
t
Frequ
ency
estim
ated
Bypass
within
Plant
Canada
/Ontar
io Agr
eement
's Stu
dy on
combin
ed sew
er ove
rflow.
Hours
of Di
schar
ge
Note:
Hours
of dis
charge
do not
indica
te qua
ntity
 
 PLANT PERFORMANCE — A COMPARATIVE STUDY
The overall performance of each of the twelve treatment plants in 1973
and 1974 is summarized in Table 4 where the average effluent concentrations
for
phos
phor
us,
BODs
and
susp
ende
d so
lids
are
list
ed.
In t
he A
ppen
dix,
the
monthly concentrations from January 1970 onwards are graphically displayed
for each plant.
In 1974, only FortWayne and London achieved average effluentphosphorus
concentrations of less than 1 mg P/R. Effluents from Cleveland Southerly,
Kitchener and Windsor were slightly higher. The rest of the plants had
conc
entr
atio
ns r
angi
ng f
rom
1.8
to 6
.7 m
g P/
l.
In 1
973,
none
of
the
twel
ve
plants produced effluent with phosphorus concentrations less than 1 mg.P/2.
Detr
oit,
Wyan
dott
e an
d To
ledo
have
been
expe
rien
cing
prob
lems
with
thei
r
sludge handling facilities. At Detroit, additional incinerator facilities
have recently been completed and are in the stage of start—up and debugging.
Plant expansion is underway through a phased construction program. At
Wyandotte, the primary plant will be expanded to provide pure oxygen acti—
vated sludge treatment for its wastes. Construction is close to completion
and system start—up will commence in the early months of 1976.
Cleveland Westerly is the site of a new physical-chemical treatment
plan
t du
e fo
r co
mple
tion
in 1
979.
At p
rese
nt,
the
plan
t is
in u
rgen
t ne
ed o
f
proper operation and maintenance. Thick layers of scum can be observed
covering most of the Imhoff tanks. Solids carryover is evident and is
reflected in the effluent suspended solids concentrations of over 100 mg/l.
The
new
plan
t wi
ll p
rovi
de l
ime
addi
tion
, r
ecar
bona
tion
and
carb
on a
dsor
ptio
n
to the wastes.
The relatively high BODs and suspended solids being discharged from the
West
Wind
sor
plan
t ca
n be
attr
ibut
ed i
n pa
rt t
o a
full
scal
e re
sear
ch p
roje
ct
which significantly affected the operation of the plant.
The Erie treatment plant is experiencing periodic upsets during its
start-up period due to the extremely high solids and organic loadings from
its major industrial discharger, Hammermill Paper Company. The actual
effluent total phosphorus concentration is somewhat higher than indicated
since the analysis was performed on a filtered sample. As of October 1975,
unfiltered samples are being analyzed. -
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TABLE 4
AVERAGE EFFLUENT CONCENTRATIONS (mg/Q)
   
Total Phosphorus as P BOD5 Suspended Solids
PLANT 1973 1974 1973 1974 1973 1974
DETROIT 6.0 3.9 77 75 173 179
CLEVELAND 1.7 2.1 6 17 7 21
EASTERLY
CLEVELAND 1.7 1.1 19 18 25 14
SOUTHERLY
} TOLEDO 2.4 2.2 30 30 64 63
3g AKRON 2.2 1.8 18 23 3O 28
ﬁl WYANDOTTE 6.5 6.7 81 89 118 110
A ERIE 2.5* 2.3* 14 16 49 41
. CLEVELAND 2.7 2.7 102 101 93 106
{ WESTERLY
T
FORT WAYNE
2.1
0.9
15
8
15
16
l
WINDSOR
3.8
1.3
76
45
70
44
5:
LONDON
1.4
0.5
9
10
13
13
A
KITCHENER
NO DATA
1.1
18
26
15
28
* - Filtered sample; as of October 1975, unfiltered total phosphorus is being
analyzed according to the approved EPA method.
 There are four exemplary plants which have been consistent in discharging
effluent of relatively high quality. These plants are identified as Cleveland
Southerly, Fort Wayne, London and Kitchener.
COMPARISON OF ACTUAL AND TARGETED LOADINGS
In its 1974 Annual Report, the Board reported that phosphorus removal
facilities were provided for 94 percent of the municipal wastewater in the
Lake Erie Basin. The Board further stated that the operating efficiency
of these facilities varied from plant to plant. The findings of this study
strongly support and corroborate the Board's assertion on the operating
efficiency of such facilities.
In Figure 2, the 1974 actual phosphorus loading from the twelve treat-
ment plants and the targeted loading obtainable when all these plants have
achieved the 1 mg/l phosphorus level are compared. It is noted that when
the targeted level is achieved, the total phosphorus loading from the twelve
plants will be reduced from 18,000 to 5,700 kg/day. This represents a
decrease of almost 70 percent.
It is interesting to note that the difference between the actual and
targeted loadings for these twelve treatment plants accounts for about 28
percent of the reported Lake Erie phosphorus loading from municipal, indus-
trial and tributary sources as reported by the jurisdictions in the 1974
Water Quality Board Annual Report.
19
  
                                   
FIGURE 2 COMPARISON OF ACTUAL AND TARGETED LOADINGS
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 CONCLUSIONS AND RECOMMENDATIONS
The 1974 phosphorus loading for the major municipal discharges in the
Lake Erie Basin, as reported by the jurisdictions to the Water Quality
Board represent the best estimate available.
The loadings are based on complete plant records consisting generally of
five 24-hour, flow proportioned, composite samples per week. While it
is obvious that refinements in sampling and analytical techniques will
further improve future estimates, the Water Quality Board is of the
opinion that no extraordinary efforts need to be taken at the present
time.
Seven of the twelve municipal plants have not been achieving the phos-
phorus concentration of 1 mg P/£ in their effluents despite the fact
that they have installed phosphorus removal facilities.
A 70 percent reduction in the total municipal phosphorus loading in the
Lake Erie Basin will be achieved when the existing facilities are ope—
rated to provide a concentration of 1 mg P/l in the effluent.
Unmonitored sewage bypass within the treatment plants does not appear to
constitute a significant portion of the phosphorus loading. In most
cases, in—plant bypasses are included in the final effluent samples.
There are insufficient quantitative data on combined sewer and stormwater
overflows. Programs are underway in many jurisdictions to assess the
impact of such overflows and to implement remedial actions where necessary.
The progress of these remedial programs will be closely monitored by the
Great Lakes Water Quality Board through its committee structure.
Throughout the plant visits, the most frequent cause of operational
problems experienced in some plants was inadequate sludge handling
facilities. In Detroit, Wyandotte, and Toledo the phosphorus removal
program has resulted in additional sludge production far in excess of
the plants' sludge handling capacity. Remedial actions are underway in
these plants.
This evaluation study has provided the IJC Regional Office staff with a
unique opportunity to visit major wastewater treatment facilities and
meet many municipal treatment plant and state and provincial regulatory
personnel responsible for their operation.
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APPENDIX
Mo
nt
hl
y
ef
fl
ue
nt
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ta
l
ph
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ph
or
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BO
D5
an
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su
sp
en
de
d
so
li
ds
co
nc
en
—
tr
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io
ns
of
ea
ch
tr
ea
tm
en
t
pl
an
t
fr
om
Ja
nu
ar
y
19
70
to
pr
es
en
t.
in
di
ca
te
s
th
e
ti
me
wh
en
ph
os
ph
or
us
re
mo
va
l
fa
ci
li
ti
es
commenced operation.
in
di
ca
te
s
th
e
ti
me
wh
en
ph
os
ph
or
us
li
mi
ta
ti
on
s
we
re
placed on domestic detergents.
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